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(54) MASTER-SLAVE MEDICAL MANIPULATOR 

(57)Abstract 

PURPOSE: To provide a master-slave medical manipulator which gives an 
operator more freedom and allows him to treat the affected part precisely 
and swiftly when a surgical operation, etc., inside a subject's body is carried 
out by the master-slave method. 

CONSTITUTION: Installed on the manipulator are the first and the second 
multi- joint slave arms 3 and 4 to be inserted into a subject's body for a 



diagnosis or treatment, the control apparatus 1 5 to drive and control the 
slave arms 3 and 4, and a portable arm operation part 5 which remote- 
controls the slave arms by inputting operation order signals to the control 
apparatus 15, so that the operator 6, holding this portable arm operation 
part, can remote-control the operation. 
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A. Relevance of the Above-identified Document 

The following is a partial English translation of exemplary 
portions of non-English language information that may be 
relevant to the issue of patentability of the claims of the present 
application. 

B. Translation of the Relevant Passages of the Document 

See the attached English Abstract. 

[CLAIMS] 

[CLAIM 1] A medical-use master slave manipulator, 
comprising: a slave arm; a control device that drives and 
controls the slave arm; and a portable arm operating section 
carried by an operator and remotely controlling the slave arm by 
sending an instruction signal to the control device. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[INDUSTRIAL FIELD OF THE INVENTION] The present invention 
relates to a medical-use master slave manipulator (1) including 
a slave arm that, for example, is inserted into an in vivo body 
cavity and performs diagnosis, medical treatment, etc, and (2) 
driving and controlling the slave arm. 
[0002] 

[PRIOR ART] Conventionally, endoscopic surgeries have been 
performed. In the endoscopic surgeries, a hole is made on a 
body wall, such as an abdominal wall. Through the hole, an 
endoscope or a medical equipment are percutaneously inserted 
into a body cavity to perform various treatments in the body 
cavity. Because such a surgery method does not require a large 



incision and therefore is less invasive, the endoscopic surgeries 
have been popularly adopted in, for example, extracting and 
removing a part of cholecystectomy or lung. 

[0003] Further, for example, U.S. Patent No. 5,217,003 
discloses a surgery-use manipulator that includes an endoscope 
or a medical equipment and that is remotely manipulated so as 
to perform a surgery using the endoscope and the medical 
equipment in place of a human surgeon. Such a surgery-use 
manipulator usually has a polyarticular insert section that 
includes the endoscope or the medical equipment. Joints of the 
insert section are moved by an actuator, thereby facilitating an 
approach toward a target portion in the body cavity. 

[0004] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] Meanwhile, 
in the endoscopic surgeries described above, it is preferable that 
the endoscope or the medical equipment being inserted into the 
body cavity through the hole on the body wall be movable in a 
largest possible area in the body cavity. However, the endoscope 
or the medical equipment each manipulable with one hand of 
the surgeon are straight in shape and therefore has a small 
degree of freedom. In this case, even if the endoscope or the 
medical equipment reaches the target portion, it is difficult to 
perform treatment or observation in desired orientation. For 
example, it is preferable that a suturing needle held by the 
medical equipment be put into a target organ or the like at a 
right angle with respect to a suture line; however, this is 
difficult in some cases because the degree of freedom of the 
medical equipment is insufficient. 

[0005] Such problems can be solved by using the 
surgery-use manipulator described above that includes 
polyarticular insert section having a large degree of freedom. In 
this case, however, when such a polyarticular insert section is 
manipulated in the target portion and in the desired orientation, 



the joints are likely to contact with non-targeted organs, giving 
an excess force. 

[0006] Usually, a position of such a manipulator adopting 
the master slave method is determined such that the master 
arm and the salve arm are manipulated in different locations. 
See the case of remotely controlling an ultimate operation robot. 
Such an ultimate operation robot is remotely manipulated so as 
to work in an area where a human cannot enter or shall not 
enter. However, when the manipulator is used for medical 
treatment, the surgeon can move only within a limited space 
because the operating section is fixed. 

[0007] The present invention is made in view of the above 
problems, and has as an object to provide a medical-use master 
slave manipulator that allows an operator to have an increased 
degree of freedom, and that can accurately and promptly 
perform medical treatment on a target portion during, for 
example, surgery in the body cavity. 

[0008] 

[MEANS TO SOLVE THE PROBLEM] In order to achieve the 
above object, the present invention includes a slave arm, a 
control device that drives and controls the slave arm, and a 
portable arm operating section carried by an operator and 
remotely controlling the slave arm by sending an instruction 
signal to the control device. 
[0009] 

[ACTION] When an operator carries and manipulates a portable 
arm operating section to send an instruction signal to a control 
device, the control device drives and controls the slave arm so 
as to perform examination, medical treatment, etc. 
[0010] 

[EMBODIMENTS] The following describes embodiments of the 
present invention, with reference to Figures. 

[0011] Figures 1 to 3 illustrate a first embodiment. Figure 



1 illustrates a whole structure of a medical-use master slave 
manipulator. The reference numeral 1 indicates a surgical bed, 
and the reference numeral 2 indicates a patient. A first 
polyarticular slave arm 3 and a second polyarticular slave arm 
4 are so disposed on a floor as to face length sides of the 
surgical bed 1, respectively. The first and second polyarticular 
slave arms 3-4 can be inserted into the body cavity of the 
patient 2 so as to perform treatments. The slave arm main 
bodies 3a-4a of the first and second polyarticular slave arms 
3-4 are provided with replaceable medical equipments 3b-4b, 
respectively. Further, the reference numeral 5 indicates a 
portable arm operating section that can be shouldered by an 
operator 6, for example a surgeon. The portable arm operating 
section 5 is provided with small first and second master 
operation arms 7-8. 

[0012] As illustrated in Figures 2 and 3, a display 10 is 
disposed on a top face of the operation table 9 of the portable 
arm operating section 5. In a neighborhood of the display 10, 
the first and second master operation arms 7-8 are disposed. 
The operation table 9 has a rear end connected to base ends of 
a belt 11 to be shouldered by the operator 6. On a front end of 
the operation table 9, a ring 12 is disposed. The ring 12 fastens 
the hook 11a disposed on the front end of the belt 11. When the 
belt 11 is fastened with the ring 12, the belt 11 forms loops. By 
shouldering the loops, the operator can carry the operation 
table 9. This enables the operator to manipulate the first and 
second master operation arms 7-8 while carrying the operation 
table 9. 

[0013] On front ends of the first and second master 
operation arms 7-8, holding forceps 7a-8a are mounted, 
respectively. Although not illustrated, holding forceps are 
mounted on front ends of the medical equipments 3b-4b. The 
non-illustrated holding forceps are manipulated so as to 
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perform as though they are hands of the surgeon, for example 
holding a tissue in the body cavity. Further, by wearing a 
dedicated stereoscopic eyeglasses 13, the operator 6 can see a 
displayed image on the display 10 in three-dimension. 

[0014] The joints of the first and second polyarticular 
slave arms 3-4 are provided with driving servo motors (not 
illustrated). Similarly, the joints of the first and second master 
operation arms 7-8 are also provided with driving servo motors 
(not illustrated). The driving motors are connected to a control 
device 15 by signal cables 14a- 14c. 

[0015] The reference numeral 16 indicates an endoscope 
for obtaining image information in the body cavity of the patient 
2. The endoscope 16 is supported by a scope holder 17. The 
endoscope 16 has an insert section 16a inserted into the body 
cavity of the patient 2. The image information is sent from the 
endoscope 16, through the cable 14d, to the display 10 
mounted in the portable arm operating section 5. 

[0016] The following describes effects of the medical-use 
master slave manipulator configured as described above. When 
the operator 6 shoulders the portable arm operating section 5 
and operates the first and second master operation arms. 7-8 
while observing the display 10, movement of the first and 
second master operation arms 7-8 is sent to the control device 
15 through the signal cable 14c. In other words, a control 
instruction signal is sent to the control device 15. 

[0017] The control device 15 sends, according to the 
control instruction signal, a drive signal to the driving servo 
motors of the first and second polyarticular slave arms 3-4. This 
enables the first and second polyarticular slave arms 3-4 to 
move in the same manner as the first and second master 
operation arms 7-8, respectively. Reaction force that the first 
and second polyarticular slave arms 3-4 receive is fed back to 
the first and second master operation arms 3-4 (bilateral 



control). 

[0018] As described above, the operator 6 manipulates the 
portable arm operating section 5, so as to remotely manipulate 
the first and second polyarticular slave arms 3-4 that are 
inserted in the body cavity of the patient 2. Because the 
operator 6 always carries the portable arm operating section 5, 
the operator 6 can immediately come to the first and second 
polyarticular slave arms 3-4 to promptly stop them when the 
first and second polyarticular slave arms 3-4 move in an 
unintended manner during the surgery. 

[0019] Further, in a conventional fixed master arm, an 
operator is required to instruct an assistant for preparing 
necessary medial appliances during the surgery. In the present 
invention, because the surgical operator himself/ herself is 
allowed to move, no assistant is required. This provides the 
operator a higher degree of freedom than that of the 
conventional fixed medical-use manipulator, thereby allowing 
the operator to smoothly perform surgery. 

[0020] Figure 4 illustrates a second embodiment. Identical 
components to that of the first example are given the same 
reference numerals, and description thereof is omitted. An 
endscope 18 supported by a scope holder 17 is provided with an 
automatic bending mechanism (not illustrated). The automatic 
bending mechanism bends according to a bending instruction 
signal from the control device 15, so as to follow positions of the 
front ends of the first and second polyarticular slave arms 3 and 
4. 

[0021] Further, the portable arm operating section 5 is 
provided with an acceleration sensor module 19 that functions 
as an operation location detecting means. Built in the 
acceleration sensor module 19 are three acceleration sensors for 
detecting spatial location change in XYZ coordinates. Therefore, 
even when the operator 6 moves, location change of the portable 



arm operating section 5 can be detected. 

[0022] Further, in the same manner as to the first 
embodiment, the control device 15 processes, for example, an 
image obtained by the endoscope 18. In addition, the control 
device 15 controls movement of the first and second 
polyarticular slave arms 3-4 and the first and second master 
operation arms 7-8, in such a way as to stop the movement 
when an acceleration speed exceeds a predetermined speed. The 
predetermined speed is previously determined according to 
information from the acceleration sensor module 19. 
[0023] Specifically, when the operator 6 finds error operation of 
the first and second polyarticular slave arms 3-4, the operator 6 
moves toward the first and second polyarticular slave arms 3-4 
in order to stop the first and second polyarticular slave arms 
3-4. At that time, the movement of the operator 6 is detected by 
the acceleration sensor module 19 installed in the portable arm 
operating section 5. In emergency, the movement of the operator 
6 tends to be faster than normal movement during the surgery. 
Therefore, the speed of the movement exceeds a predetermined 
threshold value of the acceleration sensor input information. 
Consequently, the control device 15 outputs a stop signal to the 
first and second polyarticular slave arms 3-4 and the first and 
second master operation arms 7-8. If the arms do not stop even 
after the stop signal is outputted, the operator 6 may directly 
operate the first and second polyarticular slave arms 3-4 to stop 
them. This enables the operator 6 to immediately and directly 
stop one of or both of the first and second polyarticular slave 
arms 3-4, thereby improving safety. 
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